. Intensive agriculture and the disappearance of traditional agricultural landscapes (Brambilla et al., 2007) are considered to be among the main causes of loss of suitable habitats. In Croatia, between 1990 and 2000 the two species underwent a strong reduction in population ranging from 50 % and 79% for the red-backed shrike and from 0% and 19% for the woodchat shrike (BirdLife International, 2004) . According to the Red data book of birds of Croatia, the breeding populations of the two species in Croatia are stable (Lc). The red-backed shrike is an important Natura 2000 species (Tutiš et al., 2013) Because of this great decline, we decided to study the actual consistency and distribution of these two species of shrikes in an area of western Istria, focusing on the problem of their coexistence, within the respective different bird communities they belonged to.
The ecological factors which might explain both sympatric and competitive exclusion conditions between the two same-breed species were taken into account according to Gause's theory (1934) .
The present research provides the results of the analysis and might act as an instrument for the future planning of any active territory management to safeguard the species.
Study area
The research was carried out within the Poreč region (45°13´N -13°39´E) ( Fig. 1) , in Western Istria, near the coast, along an area about 20 km long-from the mouth of the river Mirna to the North and Limski canal to the South -and about 10 km wide, from the coast inland. The Eastern limit of the study area was the motorway crossing the Istria peninsula, called the "Y" after its shape. The region has a Mediterranean climate, the average temperature of the hottest month (August) being 24°C) and the lowest temperature of the coldest month (January) 5°C. Yearly rainfall reaches 920 mm and is equally distributed through the year. The principal winds are the Bora, blowing from the North, mainly in winter; the Scirocco, blowing from the South in summer. The prevailing habitat is characterized by a mosaic of vineyards and farmed lands, woods of deciduous oaks and pines as well as open areas with huckleberry and Mediterranean scrub. The study area was 73.49 km large and was subdivided into 17 parcels, delimited by the main vehicular roads (Fig. 1) subdivision was adopted since red-backed shrike couples tend to nest a few meters from roads, using them to delimit territories (Morelli & Pandolfi, 2011; Morelli, 2012) , while roads seem to have a negative effect on woodchat shrikes as regards relative abundance (Peris & Pescador, 2004) . Parcel area ranged from a minimum of 2.13 square kilometers to a maximum of 36.654 square kilometers, with an average of 9.58 square kilometers (Tab. 1) .
materials and methods
The on-the-spot study was carried out from early July until the middle of August 2013, for a total of 38-day sightings and 190-hour observations. Such a time window was chosen to track efficiently whole family groups of shrikes -made up of parents and young (the latter were easily identified thanks to the characteristic call -because species of the Lanius genus have a reproductive calendar shifted more towards late summer than other passerines (Tryjanowski et al., 2003) . While gathering shrike data, we also gathered data about the number of individuals of all the other bird species; the goal was to consider the sympatry and competitive exclusion factors within bird communities belonging to the shrikes. The relative frequencies of all the bird species resulting from the analysis may not be considered really representative estimates of the fractions of individuals of the different nesting species, precisely because the time window adopted for data gathering was moved towards high summer, that is the period when, for a lot of species, reproduction is over and their pre-migratory stage or -as far as the young are concerned -their post fledgling flight dispersion, is about to start or has already started. Despite these limits, we preferred to include in the survey all species so as to provide a better ecological interpretation of the data about shrikes. In every parcel of land, spotting was carried out only in open areas representing habitats potentially able to host reproductive couples of shrikes, to the exclusion of all the thickly wooded areas, as well as towns, considering both of them unsuitable for the studied species.
The bird data collection was carried out using the line transect technique (Jarvinen & Vaisanen, 1977) . Bird species recognition was obtained by sight, or by listening to the territorial songs of males and/or the species-specific calls of both sexes. Observations were carried out by means of 10x36 binoculars and 20-60 x 80 telescope. Data gathered through transects were stored within each parcel of land and processed to obtain the different parameter values. First of all came species richness (S): the sum of all species recorded , i.e., the Shannon-Weaver index, which derives from information theory (Shannon & Weaver, 1949) . It is an index of diversity, based on the proportional abundances of species, and it is defined by:
where p i is the frequency of the bird species i. In particular, H' = 0 if and only if all the p i but one are zero, this one having the value of unity, instead the maximum value of H' is given by n hypothetical situation where all bird species are equally abundant, i.e., when all the p i are equal (Shannon & Weaver, 1949) . We computed the H' value in each parcel of land for all bird species. Another ecological parameter is the equitability index, and it is defined by:
where H' is the index of diversity, and s is the number of species in a community (Lloyd & Ghelardi, 1964; Pielou, 1966) , i.e., a parcel of land. Other parameters are: the relative frequency of single species, that is, the number of observations of the ith bird species compared to the total; absolute density, represented by the number of individuals/real study area within the parcel of land. Absolute densities were taken into account only for shrikes while the other bird species were excluded. The number of shrike couples, of both species, for a single settling, was also considered; by single setting we mean each nucleus of shrike couples which might be made up also by a single couple. The (χ 2 ) test was used to evaluate the association between settlement dimension and its frequency. Mann-Whitney's U-test was used to evaluate the possible effect of the competition between the two shrike species onto absolute density and reproductive success. Shrike absolute densities were correlated with the fraction of open areas compared to the total surface, for each parcel of land, by means of Spearman's coefficient (r s ). The fraction of open areas for each parcel of land represented by the ratio between the open-zone area and the total area -varying from 0 (whole woody area) to 1 (wholly open-areas) -was obtained through the observation of the relative proportion of each type of vegetation covering each parcel of land through Google Maps.
The numbers relative to all the bird species collected in the 17 parcels of land of this region allowed us to obtain a matrix with the number of individuals corresponding to each bird species in each parcel of land. This matrix was used for determining, between each pair of parcels of land, the Bray-Curtis similarity coefficient (Bray & Curtis, 1957) , where the similarity s jk between the jth and kth parcels of land is given by the formula:
where p is the number of bird species, y ij represents the number of individuals for the ith bird species in the jth parcel of land, whereas y ik represents the number of individuals for the ith bird species in the kth parcel of land; |...| is the absolute value of the difference for the aforesaid numbers of individuals. The computation of this coefficient is very simple and it permits the verification of two extreme values (Clarke & Warwick, 1994) : s = 0 if the two parcels of land have no bird species in common, s = 100 if the two communities are identical.
We used cluster analysis for grouping single parcels of land; thit was based on the Bray-Curtis similarity index, so that the parcels of land within a group are more similar to each other than the parcels of land in different groups. Of course, two bird communities may present different structures, even if they share the same species, if the distribution of the number of individuals is substantially different in the different groups. The method is a form of hierarchical agglomerative clustering, which takes a similarity matrix as its starting point and successively fuses the samples into groups, after which the groups are gathered into larger clusters, starting with the highest mutual similarities, the similarity level at which groups are formed then being gradually lowered. The process ends with a single cluster containing all the samples. The results of hierarchical clustering, using the group-average linking of Bray-Curtis similarities, is represented by a dendrogram (Clarke & Warwick, 1994) . Afterwards, we applied the non-metric multidimensional scaling (nmMDS) to the matrix of similarity (Clarke & Warwick, 1994) . This process shows a topological representation that graphically emphasizes the links among the bird communities considered inf this research; easier to interpret, it is formed in order to respect the existing degree of similarity between one community and all the others. This representation is carried out so as to preserve the rank order of similarities as Euclidean distances in a two-dimensional diagram; this transformation of similarity in distances is carried out by means of a non-parametric regression, whose success is measured by a "stress coefficient", which reflects the degree of data dispersion around the regression line (Clarke & Warwick, 1994) . In short, the topological representation is the most suitable for clear visualization of the similarity among the parcels of land examined: the nearer the points that represent them are, the more similar they are with regard to the respective structures of the bird species.
results
On the whole, 156 red-backed shrikes and 85 woodchat shrikes were counted; with 56 and 28 couples estimated respectively and with a nesting density equal to 0.76 pair/ km 2 for the red-backed shrike, and 0.38 pair/km 2 for the woodchat shrike. The reproductive success estimated is equal to 1.62 juv./pairs with the red-backed shrike, and 1.53 with the woodchat shrike. Of the total amount of parcels of land, the red-backed shrike occupies 15 (88.24%) parcels; while the woodchat shrike occupies 8 (47.06%) of them; there were 8 parcels presenting both species (47.06%). In all the parcels where the woodchat shrike is present, the red-backed shrike is also present, but the converse does not hold true. The total number of settlements was 60, 42 (70%) of which made up of redbacked shrike couples only; 12 (20%) of woodchat shrikes only; while 6 (10%) present sympatric settlements. (Fig. 2) . Forty two red-backed shrike settlements out of 48, 6 of which are sympatric, are made up of one couple only, with a highly significant statistical association (χ 2 = 63.5; P<0.01), while 10 woodchat shrike settlements out of 18, 6 of which are sympatrics, are made up of one pair only, with a statistically significant association (χ 2 = 8.91; P<0.05) (Fig. 3) . With respect to the red-backed shrike we found no statistically significant differences between medians, neither for absolute densities (u = 26.5; P > 0.05, Mann-Whitney u-Test), nor for reproductive success (u = 14.5; P > 0.05, MannWhitney u-Test), between parcels in which this shrike is the only Lanius species present, and those in which both shrike species are present.
A negative correlation, on the edge of statistical relevance, between red-backed shrike absolute density and the fraction of open zones per parcels of land (r s = -0.42; P = 0.05) was found; while no statistically significant correlation between such variables was found with the woodchat shrike. However, we must remember that the parcels representing a fraction of open zones lower than 30% of the total surface do not host this species. In Tab. 1, the topographic-environmental, demographic and reproductive parameters with shrike populations within each single parcel of land and the values of diversity indexes are summarized. In Tab. 2, the relative frequencies regarding bird species per parcel of land, are summarised. The topological representation describes on two dimensions the mutual relationships among the 17 bird communities analyzed, thus showing their similarity (Fig. 4) . The resulting stress coefficient (0.188) enables us to state that the overall picture is adequately useful for interpretation (Clarke & Warwick, 1994) . Such an interpretation shows a cluster coinciding with the central and northern parcels, some of which are of high extension and are characterized by open zones (P1, P3, P5, P6, P7, P9, P11, P12, P14), differently from the remaining parcels, which are nearly all small and peripheral ones, mostly set on the graph margins (P2, P4, P8, P10, P13, P15, P16, P17). The P1, P3, P5, P6, P7 and P9 parcels of land belong to the topological representation cluster, where the 
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highest values of the species richness and Shannon-Weaver indexes were found. The highest absolute density values for the red-backed shrike were observed within parcels P7, P9, P11, and P17; while with the woodchat shrike, the highest absolute densities were observed within parcels P3, P6, P8. More specifically, the only settlement of woodchat shrike made up of 5 couples was found within parcel P6; this same parcel is the only one, among those in which the red-backed shrike is also present, within which the latter species does not dominate, i.e., without exceeding the relative frequency value of 0.05. Among the 6 sympatric settlements, two are within parcel P15, and 1 is within parcel P8, neither of which are part of the cluster; while the other three, that is, parcels P1, P5 and P7, are within it.
disCussion
The present research results confirm that the red-backed shrike and the woodchat shrike, being same-genus species, might have similar ecological needs, leading to habitat overlapping phenomena when in sympatric conditions. However, sympatry is limited to a small percentage of cases; the two species tend more to space separation than to coexistence. A sympatric condition with the two shrike species, or, more generally, their co-presence within the same parcel of land, does not seem to be accompanied either by a reduction of the reproductive success or an absolute density decrease in both species. In different Mediterranean habitats, where the two species are in sympatry, it has been found that the red-backed shrike has been affected negatively by competition with the woodchat shrike, in terms of decrease of nesting couple density (Guerrieri & Castaldi, 2000) . The sympatric settlements are mostly to be found within those parcels that, being part of the cluster observed in the topological representation, are characterized by a certain degree of ecological similarity. Such a similarity might reflect an elevated habitat suitability, depending on the maximum distance from both places of high anthropogenic disturbance, -set on the coast belt -and on the zones close to the motorway, where open habitats are degraded. It is also true that habitat or microhabitat overlap may not be very useful in indicating competition, as habitats may be "arenas" rather than the objects of competition (Schoener, 1974) . Basically, the similarity among the central and northern parcels of land within the study area (Fig. 4) , might be the result of the presence, in this portion of territory, of a higher quality habitat for various bird species living in open environments, which is evident from the diversity indexes found just in such parcels (Tab. 1). With reference to the distribution values of the two Lanius species, from north to south, there is a progressive rarefaction of the pairs present within each parcel of land, which is particularly true with the woodchat shrike (Tab. 1). Such a pattern might be associated with the presence of a wood cover gradient, since we pass from fractions of higher open areas on the northern sector, to lower values within several central and southern parcels (Tab 1), which might render southern habitats less suitable than northern ones since they are not as rich in open areas as the latter. However, the presence of a negative correlation, though a feeble one, between fraction of open areas per parcel of land and absolute density, might seem to contrast with the results mentioned above as to the red-backed shrike. Such a correlation might be interpreted as indirect evidence that the red-backed shrike is also successfully able to colonize limited open zones, even within a woody matrix, provided that such a matrix is dotted with portions of open habitats, not too far from one another. A confirmation is witnessed by the high number of red-backed shrike settlements made up of one single couple. The highest absolute densities with the red-backed shrike are to be found within the parcels which present low levels with the fraction of open areas, compared to the total surface; namely in P9, P11, P17. As to the woodchat shrike, the species seems to be bound to xeric environments, consequently it is absent in parcels having a fraction of open zones lower than 30% of the total surface, namely, P9, P11, P13, P16, P17. When compared to the same-genus species, the woodchat shrike seems to have a lower colonizing capability in open environments of limited width. Vice versa, when in a suitable environment, characterized by wide open areas with scattered bushes, the woodchat shrike forms settlements with a lot of pairs, as within parcel P6, competitively excluding from the settlement the red-backed shrike, which is also present in the parcel, without being dominant, that is, with a relative frequency not higher than 0.05. As to the coexistence of two species with similar ecological needs, coexistence requires that competing species exhibit a strict dominance hierarchy, i. e., superior competitors can displace inferior competitors from occupied patches, but an inferior competitor cannot displace a superior competitor (Hastings, 1980; Nee & May, 1992; Tilman et al., 1994) . Such a situation seems to have occurred within the examined region, between the two Lanius species, with the woodchat shrike taking over from the red-backed shrike. The latter, according to the competition-colonization theory (Levins & Culver, 1971; Yu & Wilson, 2001) , being a competitively inferior species, manages to compensate for the negative effects of its rank, with a higher colonizing capability, favouring a partition of the occupied space occupied by the two species (Amarasekare, 2003) .
ConClusion
Within the portion of Istria examined in the present research, there exist nesting populations of the red-backed shrike and the woodchat shrike which tend to spatial separation, with limited cases of sympatry, which do not seem to go along with relevant negative cases, either with one or the other species, relative to both their demographic and their reproductive parameters. The highest absolute density levels, considering overall data of both species, are to be found within mid-northern parcels of land, which seem to be characterized by a better environmental quality and lower anthropogenic disturbance. For the better preservation of these populations of species, which are diminishing in Europe, it is recommendable to preserve the mosaic of areas planted with vineyards, hedges, shrubberies, together with margins of deciduous oak woods, which represents the reproductive habitat for Laniidae in the Croatian area we have studied.
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The authors would like to thank Dobrinka Kovačić for her Croatian translation of the abstract of this work. We also thank Dr. Maurizio Cesaro for the translation of the paper from Italian into English. At the same time, data on the amount of individuals of all the other species belonging to the same bird community were also gathered and elaborated to obtain two diversity indexes. The study area was subdivided into 17 parcels of land, delimited by the main vehicular roads, which were compared with the use of the Bray-Curtis similarity coefficient.
On the whole, 56 pairs of red-backed shrikes and 26 pairs of woodchat shrikes were found: the nesting shrike pairs were partitioned into 42 red-backed shrike settlements (colonies), 12 woodchat shrike settlements and 6 sympatric settlements.
The woodchat shrike occupied only those parcels with a fraction of open zones no lower than 30 % of the total surface. In wider more extended areas, the woodchat shrike took over from the red-backed shrike, but the latter has a greater colonizing capability as far as new sites are concerned; in fact, 87.5% of the settlements of this species are made up of one pair. The statistical analysis has shown that there exists a negative correlation between the absolute density of the red-backed shrike and the fraction of open zones per parcel of land, thus showing the colonizing capability of the species in open areas of little width, within a woody matrix. As regards the effects of possible competition between the two species of shrikes, among the parcels of land where the red-backed shrike is the only Lanius species present, and those where both the red-backed shrike and the woodchat shrike are present, no significant statistical difference resulted between the median of the absolute density and the reproductive success, which might suggest a mild inter-specific competition. The ecological comparison based on similarity, indicated a cluster made up of Mid-North particles, which can be explained both with the high environmental quality within them, and with the maximum distance from the most anthropogenic and degraded sites. These factors are likely to explain the high values of the diversity indexes which are present in these particles, where an environmental mosaic is present and is characterized by vineyards, hedges, glades with scattered bushes and fringes of deciduous oak woods, which represent a reproductive habitat suitable to shrikes, and which must be preserved for the future.
